Physicists have discovered a novel topological semimetal, the Weyl semimetal, whose surface features a nonclosed Fermi surface while the low energy quasiparticles in the bulk emerge as Weyl fermions. Here they share a brief review of the development and present perspectives on the next step forward.
Weyl semimetals are semimetals or metals whose quasiparticle excitation is the Weyl fermion, a particle that played a crucial role in quantum field theory but has not been observed as a fundamental particle in vacuum . Weyl fermions have definite chiralities, either left-handed or right handed. In a Weyl semimetal, the chirality can be understood as a topologically protected chiral charge. Weyl nodes of opposite chirality are separated in momentum space and are connected only through the crystal boundary by an exotic nonclosed surface state, the Fermi arcs. Remarkably, Weyl fermions are robust while carrying currents, giving rise to exceptionally high mobilities. Their spins are locked to their momentum directions due to their character of momentum space magnetic monopole configuration.
The presence of parallel electrical and magnetic fields can break the apparent conservation of the chiral charge due to the chiral anomaly, making a Weyl metal, unlike ordinary nonmagnetic metals, more conductive with an increasing magnetic field. These new topological phenomena beyond topological insulators make new physics accessible and suggest potential applications, despite the early stage of the research .
In this Commentary, we will review key experimental progress and present an outlook for future directions of the field. Through this article, we hope to expound our perspectives on the key results and the experimental approaches currently used to access the novel physics as well as their limitations. Moreover, while most of the current experiments are still focusing on the discovery of new Weyl materials and demonstration of novel Weyl physics such as the chiral anomaly, it is becoming clear that a crucial step forward is to develop schemes for achieving quantum controls of the novel Weyl physics by electrical and optical means. We discuss some theoretical proposals along these lines highlighting the experimental techniques and matching materials conditions that are necessary for realizing these research directions.
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MATERIAL SEARCH
Although the theory of Weyl semimetal has been around for a long time in various forms 1-4 , its discovery had to wait until recent developments. This is because finding experimental realization requires appropriate materials simulation and characterizations. Historically, the first two material predictions, the pyrochlore iridates R 2 Ir 2 O 7 4 and the magnetically doped superlattice 6 , were both on time-reversal breaking (magnetic) materials.
Perhaps influenced by the first works, for a long while, the community continued to focus on time-reversal breaking Weyl semimetals materials candidates 7, 10 . These candidates were extensively studied by many experimental groups. Unfortunately, these efforts were not In addition, a number of supporting evidence were reported in Ref. 20 . These include: (1) A sharp dependence of the negative magneto-resistance on the angle between the electric and magnetic fields (Fig. 1c) ; (2) an external magnetic field 37 . In most metals magneto-resistance is known to be positive; so a negative magneto-resistance, especially a longitudinal one, is quite rare. However, the chiral anomaly is not the only possible origin. It may arise through the giant magnetoresistance effect in magnetic materials. Also, with a high electronic mobility, it can occur through a purely classical geometric effect, the current-jetting. Furthermore, the negative magnetoresistance due to the chiral anomaly is a Berry curvature effect. However, a generic band Berry curvature field effectively is available in TaAs (Fig. 1e) . Specifically, it showed that the magnitude of the chiral anomaly diverges over crossing Fermi level as seen in this momentum space cut in the ARPES data ( (Fig. 2e) Here, we highlight the potential application of Weyl semimetals in device applications.
Moving forward it is important to achieve systematic control over Weyl physics via electric and optical means so that these novel phenomena can potentially be harnessed in device settings. A recent theory work 41 proposed an electrical device which can utilize the dissipationless axial current due to the chiral anomaly. The chiral charge pumping effect (Fig. 1f) leads to a current, the axial current, which is believed to be nearly dissipationless. Any relaxation of the axial current requires scattering from one Weyl node to the other, which occupies a limited volume of the parameter space as it involves a large specific momentum transfer vector that connects the two Weyl nodes. As shown in Fig. 3a , in this device, it is proposed to have a thin and long ribbon of a Weyl semimetal sample. On the left, parallel magnetic and electric fields lead to the axial current, which can drift to the right and be detected in the form of a spontaneous voltage/current without applying an electric field.
Another theory work 42 predicts a novel type of quantum oscillation that arises from the topological Fermi arc surface states. As shown in Fig. 3b , a surface electron occupying a state on the Fermi arcs has to travel back and forth across the bulk of the sample in the presence of an out-of-plane magnetic field. A direct consequence is that the period of the oscillation as a function of inverse magnetic field There have been a number of noteworthy theoretical proposals for achieving optical control of the novel Weyl physics. For example, Ref. 43 proposed an optically induced anomalous
Hall current in an inversion breaking Weyl semimetal. The authors showed that an intense circularly polarized light can break time-reversal symmetry, which shifts the k space location of the Weyl nodes through the Floquet effect 44 , and therefore leads to a nonzero Hall conductivity in the absence of an external magnetic field. (Fig. 3c) . Another work 45 predicted a large photogalvanic current (as large as 10 7 Am −2 in TaAs 45 ) in inversion-breaking Weyl semimetals. The proposed photocurrent is due to the optical selection rules (Fig. 3d) Competing financial interests The authors declare no competing financial interests. Panels (a-d) are based on Refs. [41] [42] [43] 45 .
